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The activities of the intact human skeletal muscles when we are in various postures including the erect posture have been known exactly by the electromyogram (cf. OGATA 1951 , KoNDO 1952 , JOSEPH 1960 , BASMAJIAN 1962 .
Recently HOUTZ and FISCHER (1961) observed the responses of the leg muscles to the postural changes, the shifting of the body weight, and the resisting of the external forces applied to the upper part of the trunk.
In their study the thigh muscles were excluded.
The author has the intention to observe the simultaneous responses of the thigh and leg muscles to the voluntary or involuntary postural changes.
METHOD
Five young adult males were used as the subjects. The activities of four thigh and leg muscles -M. vastus lateralis, M. biceps femoris, M. tibialis anterior and M. gastrocnemius medialiswere studied by the electromyogram. The subject was first asked to take one of the three basic postures ; standing normally, standing in attention or standing with the knee and hip joints lightly flexed. He was then asked to perform one of the following ten body movements; swaying the body forward, backward, rightward or leftward, bending the body forward or backward, rotating the body to the right or to the left, or standing on the tip-toe or on the heel. Then, to cause involuntary body movements, a force was applied to the chest, the back or the shoulder, or the floor on which the subject had been standing was suddenly moved in one direction (for which purpose a hand-cart was used).
While he was performing these body movements, the action current of the above four leg muscles were simultaneously picked up by the surface electrodes (to one of the five subjects, bipolar noninsulated needle electrodes were also applied), amplified by amplifiers, and recorded on the four-channeled ink-writing oscillogram.
RESULTS
Standing normally, the vastus lateralis and the medial gastrocnemius are contracting slightly.
Standing with the knee and hip joints lightly flexed, the vastus lateralis shows the increased activity, and the biceps femoris and the medial gastrocnemius are contracting slightly. Standing in attention, the vastus lateralis is contracting strongly, and as for the biceps femoris, two subjects show rather intermittently strong activity and three subjects show weak activity. The medial gastrocnemius in this posture, shows weak activity. The tibialis anterior shows very weak activity through these three kinds of standing postures.
(A) Voluntary body movements 1. Swaying the body forward, bending the body forward or standing on the tip-toe. a). Standing normally When the subject sways his body forward or bends his body forward, both the biceps femoris and the medial gastrocnemius increase their activities, and when he stands on the tip-toe, the vastus lateralis, the biceps femoris and the medial gastrocnemius increase their activities.
The personal difference is the existence or non-existence of the slight increase of the activity of the vastus lateralis and the tibialis anterior.
b). Standing with the knee and hip joints lightly flexed When any one of these three body movements is performed, the medial gastrocnemius always increases its activity, and as for the other muscles the biceps femoris (three subjects out of five ones), or the tibialis anterior (two subjects) also increases its activity as well as the medial gastrocnemius. c). Standing in attention When any one of these body movements is performed, the increased activity of the medial gastrocnemius is always observed, but as for the two thigh muscles there exists personal difference, i. e. no changes, only the biceps femoris or both of them increase their activities.
2. Swaying the body backward, bending the body backward or standing on the heel.
Always both the vastus lateralis and the tibialis anterior increase their activities.
3. Swaying the body rightward or leftward. a). Standing normally When the subject sways his body rightward, the medial gastrocnemius and the vastus lateralis of the right lower limb and the biceps femoris and the tibialis anterior of the left lower limb increase their activities (three subjects), or the medial gastrocnemius and the tibialis anterior of the right lower limb and the tibialis anterior of the left lower limb increase their activities (two subjects). b). Standing with the knee and hip joints lightly flexed When the subject sways his body rightward, the vastus lateralis, the medial gastrocnemius and the tibialis anterior of the right lower limb and the tibialis anterior of the left lower limb increase their activities. c). Standing in attention The medial gastrocnemius shows the same pattern as that of b., but the activity pattern of the thigh muscles shows personal varieties.
4. Rotation of the body to the right or to the left. When the subject rotates his body to the right, the biceps femoris and the medial gastrocnemius of the left lower limb (four subjects) or the tibialis anterior and the biceps femoris of the left lower limb (one subject) and the vastus lateralis of the right lower limb (standing normally-four subjects, standing with the knee and When the hand-cart on which the subject had been standing normally was suddenly moved onward (Fig. 1) hip joints lightly flexed-one subject, standing in attention-two subjects) increase their activities.
(B) Involuntary body movements When a force was applied to the chest, the back or the shoulder, or when the floor on which the subject had been standing was suddenly moved in one direction, involuntary body movements such as the swaying of the body and the rapid restoration to the initial posture were observed.
Generally speaking, the results are as follows; when the subject sways forward, the biceps femoris and the medial gastrocnemius increase their activities, and when the subject sways backward, the vastus lateralis and the tibialis anterior increase their activities.
In the right or leftward body movements, the medial gastrocnemius (by pushing the shoulder) or both the tibialis anterior and the medial gastrocnemius (by moving the floor) of one limb to which side the body sways, and the tibialis anterior of the opposite limb increase their activities.
As for the thigh muscles personal difference exists when the subject stands normally or in attention, but when the subject stands with the knee and hip joints lightly flexed, both thigh muscles of one limb to which side the body sways increase their activities.
The EMG records also reveal that the effect is not always demonstrable especially in the thigh muscles.
DISCUSSION
Those muscles which increase their activities during voluntary or involuntary postural changes are considered to be effective in restoring the body to the "basic" posture. EMG records also tell us that, when the activity of the medial gastrocnemius becomes strong, there is also an increase in the activity of the tibialis anterior especially in involuntary postural changes. This seems to indicate that the tibialis anterior acts to fix the ankle joint, hence, to obstruct postural changes.
As is well known, a continuous quake is observed when we are standing in the erect posture.
When we put on a helmet on whose top a needle is attached, and let the tip of the needle to touch the sooted paper, a complicated curve known as " Cephalogram " is obtained. This quake means the presence of the continuous swaying of the body and the body movements to restore to the original posture by weak but complex muscle activities.
Voluntary or involuntary swayings of the body may be useful to analyse this phenomenon.
